INTRODUCTION
Spray drying is one of the techniques used extensively in food industries and it is used under optimal processing conditions to obtain powders. Commonly, fruits are dehydrated in order to be preserved, in which moisture must be removed in a way that has the least influence on the organoleptic qualities of the product (Davoodi et al., 2007) . Indeed, the health-promoting capacity of fruits depends strictly on the processing of such foods (Hunter and Fletcher, 2002) . The processed fruit quality is especially important, because high fruit consumption is encouraged throughout the country for health considerations. Therefore, dehydrated fruit is under rapidly increasing demand both in the domestic and the international market and is being used largely for the preparation of nutraceutical products or convenience food. Fruit can be dehydrated by various methods and the quality of the product depends on different parameters (Mrkìc et al., 2006) . Fruit juice powders have many benefits and economic potentials over their liquid counterparts such as reduced volume or weight, reduced packaging, easier handling and transportation and much longer shelf life (Fazaeli et al., 2012) .
Spray-drying is a common process to obtain dry powders with low moisture content from liquid products technique such as its low cost, high reproducibility and applicability to thermolabile materials due to the short drying time.
Additionally, it is easy to operate and scale-up very fast, since the particles are produced while they are dried (Burgain et al., 2011 and Silva et al., 2011) . Spray drying is used in the wide range of products in food industries to produce dry powder and agglomerates. Economic considerations of this method include hygienic conditions during processing, operational costs and short contact time (Sagar and Kumar, 2010 and Yousefi et al., 2011) . Post-harvest processing of acid lime juice in the form of powder determines the effective utilization of productivity and quality of end products which ultimately lead towards the consumption and acceptance of the products. The acid lime juice powder is promoted for preparation of different health food product such as RTS premix in the world market. These numerous health benefits and huge production provide a solid basis for the development and utilization of acid lime juice as pharmaceutical, cosmetic and dietary supplement. Therefore, present investigations were undertaken to describe the effect of spray drying process parameters on different properties of fruit juice powders.
MATERIALS AND METHODS
Well matured, healthy acid lime fruits (Citrus aurantifolia Swingle) of uniform size and colour were obtained from the field of Citrus Fruits Crops, Department of Horticulture, M.P.K.V., Rahuri. Fruits were thoroughly washed with tap water to remove surface dirt and microbial flora if any, and wiped with clean muslin cloth. Juice from weighing fruit was extracted with the help of juice extractor or squeezer. The resultant juice was filtered through muslin cloth and then was to spray drying. The process flow chart for preparation of acid lime juice powder is given in Figure 1 
Experimental Setup
Spray dried acid lime juice powder was produced using Labultima (model LU-222, Advanced) laboratory spray dryer. The spray dryer operates concurrently and has a spray nozzle, two-fluid atomizer with 0.7 mm diameter orifice. The inlet air temperatures of 140, 150 and 160°C were used for all the solutions. The outlet air temperature was recorded at 10 min interval. The acid lime juice was fed into the drying chamber using a peristaltic pump. The liquid feed rate to the dryer was 5 per cent and the aspirator rate was 50 per cent. The atomization air pressure was set to 3 kg/cm 2 on the air pressure regulator. The testing was performed at constant process conditions. The product obtained was in aluminum laminated (0.02 mm) pouches. The pouches were then stored in a desiccators containing silica gel before quality evaluation. The physical properties of the powder measured where moisture content, bulk density, powder recovery and solubility.
Statistical Analysis
The experiments were carried out in triplicate and different mean values were analyzed by analysis of variance (ANOVA) and least significant difference (LSD) and Tukey's test (p = 0.05) was used to determine the difference between means and homogeneous subsets using statistical software SPSS 21.0 (SPSS Inc., USA). The graphs of mean values were created using Excel version 2003.
RESULTS AND DISCUSSIONS

Effect of Spray Drying Process Parameters on Physico-Chemical Properties of Acid Lime Juice Powder
Spray drying parameters were the most important factors which influence the physico-chemical properties of 
Powder Recovery
The effects of spray drying parameters on the recovery of the acid lime juice powder are presented in the Figure 2 .
The recovery of powder from acid lime juice varied from 11.987 to 20.945 per cent for all the treatment combinations. The results showed that the concentration of carrier agents had the significant effect, while inlet air temperature and feed flow rate showed non-significant effect on the powder recovery. Recovery of powder, prepared by using maltodextrin, Arabic while decreasing with an increase in the feed flow rate (Figure 2 ). The non-significant effect of inlet air temperature on powder recovery was observed. Increase in inlet air temperature up to 150°C, increases the powder recovery. Further increase in inlet air temperature reduces the powder recovery; this could be due to the fusion of existing carbohydrates, which increases the formation of deposits in the internal wall of drying chamber when maltodextrin was added as a carrier agent, whereas in the case of Arabic gum was due to the non-enzymatic browning of acid lime juice powder at higher temperature.
Carrier agents are necessary to produce powders from juices with high sugar and acid content, due to their low temperature, this could be due to the fusion of existing carbohydrates, which increases the formation of deposits in the internal wall of drying chamber when maltodextrin was added as carrier agent. Whereas, in the case of Arabic gum decreased in recovery of powder with an increase of inlet air temperature, may be due to the non-enzymatic browning of the powder higher temperature (Avila et al., 2015) . The higher feed flow rate showed a negative effect on process yield.
The higher feed flow rate, resulting the decreased heat and mass transfer and the lower process yield. In addition, when higher feed rates were used, a dripping inside the main chamber was observed, when the mixture was passed straight to the chamber and that was not atomized and finally resulting the lower process yield (Toneli et al., 2006) .
Water Solubility Index
The spray drying parameters viz., inlet air temperature, feed flow rate and concentration of carrier agents were the most important factors influencing the water solubility index of powder ( Figure 3 ). Water solubility index of spray dried acid lime juice powder ranged from 91.960 to 98.080 per cent for all the treatments of process parameters. It was observed that, the water solubility index of powders prepared by using three different carrier agents' viz., maltodextrin, Arabic gum and blend of maltodextrin and Arabic gum were found to be 94.940, 95.891 and 95.347 per cent, respectively. Spray drying parameters viz., inlet air temperature (140 to 160°C), feed flow rate (75 to 100 ml/h) and concentration of carrier agent (14 to 18 %) showed the significant effect on the water solubility index, whereas, interactions between the different parameters had the non-significant effect on the water solubility index of the acid lime juice powder. Lower the moisture content, higher the water solubility index of the powder was observed. Powder prepared by using Arabic gum as a carrier agent had lower moisture content as compared to maltodextrin and a blend of maltodextrin and Arabic gum, therefore water solubility index of the powder prepared using Arabic gum was found to be higher.
The water solubility index of the powder was found to be increased from 95.175 to 95.616 per cent and 93.376 to 96.724 per cent with an increase in inlet air temperature and concentration of carrier agents from 140 to 160°C and 14 to 18 percent, respectively, and decreased from 96.433 to 94.607 per cent with an increase in the feed flow rate from 75 to 100 ml/h. The inlet air temperature and concentration of maltodextrin had a positive effect, whereas feed flow rate had a Among the different carrier agents, maltodextrin was found to be superior carrier agents which retained, the maximum vitamin C content followed by a blend of maltodextrin and Arabic gum and Arabic gum. A maximum vitamin C content of 368.584 mg/100g of powder was observed in the MD concentration of 16 per cent, feed flow rate of 87.5 ml/h and inlet air temperature of 150°C with the moisture content of 4.098 per cent, powder recovery of 16.893 per cent and water solubility index of 95.530. Maximum vitamin C content was retained in the powder prepared by using maltodextrin as a carrier agent followed by a blend of maltodextrin and Arabic gum and Arabic gum (Fig 4) . 
CONCLUSIONS
Among the different carrier agents, maltodextrin was found to be superior carrier agents for preparation of acid lime juice powder based on the physico-chemical and sensory parameters.
The maximum vitamin C content was observed in the powder prepared using maltodextrin. The process parameters for retention of maximum vitamin C (368.584 mg/100g) were inlet air temperature of 150°C, concentration of maltodextrin of 16 percent and flow rate of 87.5 mL/h. RTS prepared from powder using maltodextrin obtained a 
